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treated with steam or hot water, the cyanamide yields ammonia,
from which fertilizers are readily made. But the direct synthetic
ammonia of the Haber process outweighs all other sources put
together. Even the by-product ammonia obtained when coal
is distilled to make coke, which for a long time helped Chilean
nitrates to carry the burden, plays a relatively subordinate role.
The Haber process is the one for us to study.
No matter what process is used in making ammonia, every
molecule contains one atom of nitrogen and three of hydrogen.
The formula is NH3. Ammonia is a colorless gas possessing a
pungent odor familiar in smelling salts. Breathing very much
ammonia, however, is fatal. Gas masks are worn when leaking
refrigerating machines filled with ammonia are being inspected.
We saw in Chapter 8 that ammonia is useful in refrigeration be-
cause of its large latent heat of vaporization and the possibility of
liquefying the gas by compression at ordinary temperatures. Am-
monia dissolves in extraordinarily large amounts in water, and
also reacts with water to form ammonium hydroxide. So-called
household ammonia, used to soften water for cleaning purposes,
is not ammonia but a solution of ammonium hydroxide in water.
Nitrogen, as we have seen, is plentiful, and hydrogen can be
readily obtained by any one of a number of methods; but to pro-
duce ammonia by the direct union of these two gases one must
set the scene with great skill, keeping in mind five general prin-
ciples or aspects of chemical strategy. Because these five general
considerations which apply in the Haber synthetic ammonia proc-
ess are of wide application elsewhere in chemistry, we stress them
in some detail, in logical order.
/. Catalytic Action. The mere mixing of nitrogen and hydro-
gen in the correct proportions produces so slow a reaction that
there is no practical advantage whatever in resorting to this